Objective: To examine the relationship between the nutritional status and handgrip strength of older people in rural Malawi. Design: Cross-sectional study. Setting: Lilongwe rural, Malawi, situated approximately 35±50 km from the city. Subjects: Ninety seven males and 199 females participated in this study. Methods: Selected anthropometric measurements were taken and nutrition indices were computed using standard equations. Handgrip strength was measured using an electronic grip strength dynamometer. Results: The mean handgrip strength (in kg) for men was significantly higher than for women 28X0^5X9 vs. 21X7^4X5X In addition, there was a significant decline in handgrip strength with age in both sexes. Furthermore, handgrip strength was positively correlated to the following nutritional status indicators: BMI r 0X40 in males and r 0X34 in females), mid-upper arm circumference (MUAC) r 0X45 in males and r 0X38 in females) and arm-muscle area (AMA) r 0X39 in males and r 0X37 in females). After controlling for potential confounders, namely sex, height and age, the correlations between handgrip strength and the nutrition indices were still significant.
Handgrip strength is measured in either kilograms or Newtons by squeezing a handgrip strength dynamometer with one's maximum strength 1 . It is a measure of strength of several muscles in the hand and the forearm 2 . These muscles play a vital role in the performance of day to day activities of normal life such as using tools or transferring from one position to another, such as rising from a chair 3 . The relationship between handgrip strength and a number of variables has been extensively studied among elderly people in affluent societies. Variables studied include morbidity 4 , mortality 5 , the risk of falling 6 , a range of functional ability variables 7, 8 and nutritional status 9 . For instance, Phillips 5 showed that lower handgrip strength was significantly associated with a high risk of death, whereas Wickham et al. 6 showed that weaker handgrip strength was associated with an increased risk of falling.
Very little is known about the association between nutrition and handgrip strength in Africa where malnutrition among the elderly is common 10, 11 . In his review, Torres-Gil 12 indicates that good nutrition is crucial for keeping older people healthy, functioning and remaining independent at home. In developing countries, it is even more important since retirement is often not an option. This study therefore was initiated to test the hypothesis that poor nutritional status is associated with poor functional ability (as measured by handgrip strength) as a first step towards understanding the role of nutrition in the livelihoods of rural older people in developing countries such as Malawi.
Methods
The study was conducted among older people aged 55 DOI: 10.1079/PHN200050 years and over in selected rural areas of Lilongwe district in central Malawi. The subjects were recruited using a multi-stage cluster sampling technique. All subjects in the selected 11 villages who were aged 55 years and over were invited to participate in the study. More women than men in the age group 55±59 years were interviewed since more women were willing to participate than men. It is also possible that men in this age group did not consider themselves old or were engaged in employment elsewhere and hence were not available for the study. The study design and its methodology, particularly with regard to anthropometry, have been presented elsewhere 10 .
Anthropometry
Weight, height, mid-upper arm circumference (MUAC), triceps skinfold and armspan were measured using standard methodologies 10 and BMI was computed as weight in kilograms divided by height in metres squared. For respondents with visible kyphosis n 49Y height was estimated from armspan using regression equations developed from non-kyphotic respondents within the sample. Arm-muscle area was calculated using standard methodologies 13 Handgrip strength An electronic grip strength dynamometer (TKK 5101, Grip-D, with 100 kg force maximum) was used to measure handgrip strength. After a demonstration, each subject held the dynamometer in the hand with the arm held across the body and squeezed to maximum force. Four trials were given on the dominant hand and three trials on the other hand (alternately). Subjects were encouraged verbally by the assessors and muscle strength was recorded to the nearest 0.1 kg
1
. The best score of all trials was used in the analysis.
Data analysis
Data were analysed using SPSS (Statistical Package for Social Science) version 6.1. Pearson correlations were carried out between nutrition indicators and handgrip strength. Multiple regression analyses were carried out with handgrip strength as a dependent variable and BMI, MUAC, AMA as independent variables controlling for sex, age and body size (height). Variables which did not make a significant contribution to handgrip strength were dropped. A 5% level of probability was used to indicate statistical significance.
Results
A total of 284 respondents (94 men and 190 women) were studied after excluding those with oedema n 12X Anthropometry and handgrip strength data are presented in Table 1 . Men had significantly higher values for almost all the measurements except for CAMA and BMI. Other anthropometric characteristics of the respondents have been presented elsewhere 10 . Handgrip strength declined significantly by age group in both sexes. A similar trend was also seen in MUAC and AMA in both sexes: older people aged 70 years and over had lower values although the decline with age was not statistically significant 10 . As shown in Table 2 and Figs 1±8, handgrip strength was positively correlated to all nutrition indices in both men and women P , 0X001 for all except triceps skinfold where P , 0X05 for males). The fact that the correlation coefficients for handgrip strength with BMI and with AMA were similar is explained by the close correlation found between muscle mass and BMI in this study and in other studies 18, 19 . This indicates that BMI is not only an indicator of adiposity, but also of muscle mass, perhaps even more so in populations with low fat mass. Even after controlling for potential confounders (sex, age and height), the association between handgrip strength and nutrition indices remained significant and positive in both men and women (see Tables 3 and 4) . Each nutrition indicator explained more than 10% of the variation in handgrip strength (change in R 2 %). Moreover, the mean handgrip strength increased significantly with increasing BMI (Table 5 ).
To estimate the independent contribution of BMI to handgrip strength, after controlling for AMA, we repeated the regression analyses, entering first age, height and AMA, then adding BMI. The additional contribution of BMI was 7.8% f 8X7; P , 0X005 for men and 4.1% f 8X8; P , 0X005 for women.
Discussion
The results of tests of handgrip strength agree with those reported in the literature: men are generally stronger than women and function declines with age 14, 15 . In the longitudinal study conducted by Bassey and Harries 2 , handgrip strength declined by 12% among men and 19% among women in the 4 year period. This decline in strength has been attributed to a number of reasons but mostly to reduction in muscle mass with age which may be caused by disuse, illness or to a decline in customary activity, or just to ageing as a result of alterations in muscle fibre composition 16 or a decrease in the number of muscle fibres 17 . The results of the study lend support to the findings and more recently by Manandhar 18 and Pieterse 19 . In this study, this association was evident even after controlling for potential confounders including health status and socio-economic conditions (results not shown). Table 5 also confirms these findings since those in the lower BMI category had lower mean handgrip strength. In a study conducted in urban India 20 , there was a significant association between a low body mass index BMI , 16 and an increased risk of low handgrip strength using multiple logistic regression (odds ratio 5X7085Y P , 0X001X Findings such as these have also been reported in young adults (aged 15±35 years) where chronic energy deficiency was associated with poor handgrip strength after correcting for stature and forearm muscle area 21 . Similarly, a study conducted in Nigeria 22 showed a positive correlation between handgrip strength and anthropometric measures (arm muscle area and arm muscle circumference) among young adults (aged 18±64 years), although only 10 people (six men and four women) aged between 55 and 64 years were included in the study. Low body mass index indicates low body fat and muscle. Thus, its association with poor handgrip strength is partly at least through the reduced muscle mass. Reduction in muscle mass has also been associated with a decline in muscle strength commonly associated with advancing age 3 . However, BMI made a significant contribution to handgrip strength even after controlling for AMA and age, indicating an independent contribution of undernutrition to reduced muscle strength. Table 6 compares the mean handgrip strength of older adults in Malawi with those from other countries. All studies included in this table used the standard methodology 1 to measure handgrip strength. Handgrip strength of men was close to that reported in developing countries but lower than that reported in the UK. This could be attributed to earlier onset of ageing in developing countries because of illnesses or hard work 23 or could also reflect poorer nutritional status. Interestingly, however, despite having poorer nutritional status, Malawian women have a similar mean handgrip strength to their UK counterparts. This finding may reflect the continued high level of physical work carried out by older women in Malawi compared with older women in the UK. In the current study, 90% of the women were engaged in heavy agricultural activities, both in the past and at the time of the study. Sharpe et al. 24 have noted that physical activity itself has a role to play in preserving function, in addition to muscle mass. Notable are the differences observed between the Malawian and Indian women in terms of mean handgrip strength: Malawian women were stronger than their Indian counterparts. The difference could be attributed to differences in arm muscle areas and/or physical activity patterns, by nature of their location (urban vs. rural), but could also reflect genetic differences.
Older people may have problems in acquiring food depending on their physical strength and availability of resources. While this may be true to some extent in industrialised societies, it is especially true in rural Malawi, where poverty is widespread and households rely on subsistence agriculture for food. Poor handgrip strength may seriously limit the ability to engage in agricultural activities effectively, hence affecting productivity, as well as the ability to prepare one's own meals, hence having an impact on nutritional status. Thus, poor strength itself can have a bearing on the individual's nutritional status.
The study's cross-sectional design does not allow us to assume causality between poor handgrip strength and poor nutritional status. Cross-sectional studies are faced with the`chicken or egg' dilemma since both exposure and outcome are assessed concurrently 25 . Furthermore, selective survival into old age of those who are better nourished and healthier could also have an effect on the results. Thus, confirmation of this hypothesis using a prospective study design or a trial intervention is required.
Conclusion
The study supports the hypothesis that poor nutritional status is associated with poor functional status as 
